Context. Periodic flares of maser emission are thought to be induced either by variations of the seed photon flux in young binary systems or the pump rate regulated by stellar and accretion luminosities. Aims. We seek to study the variability of four maser transitions of three different species in G107.298+5.639 to constrain the dominant mechanism of periodic flares. Methods. Light curves of the 6.7 GHz methanol and 22.2 GHz water vapour maser were obtained with the Torun 32 m radio telescope over 39 and 34 cycles, respectively. The target was also monitored at the 1.6 GHz hydroxyl transitions with the Nançay radio telescope over 13 cycles. All these maser lines were imaged using VLBI arrays.
Introduction
Maser lines coming from outflows, circumstellar discs, and envelopes are the most characteristic properties of high-mass young stellar objects (HMYSOs) for a relatively very short (5 × 10 4 yr) phase of their evolution (van der Walt 2005; Breen et al. 2010) . A small fraction of HMYSOs show periodic (24−668 day) variations in the 6.7 GHz CH 3 OH maser emission (Goedhart et al. 2003 (Goedhart et al. , 2004 (Goedhart et al. , 2014 Szymczak et al. 2011 Szymczak et al. , 2015 Fujisawa et al. 2014; Maswanganye et al. 2015 Maswanganye et al. , 2016 Sugiyama et al. 2017 ) and a few objects also show periodic variations in the H 2 CO, OH and H 2 O maser lines (Araya et al. 2010; Al-Marzouk et al. 2012; Szymczak et al. 2016) .
Hypotheses explaining periodic variations in the methanol flux density are based on changes in the flux of seed photons or radiative pump rate. van der Walt (2011) claim that maser light curves of widely different shape and amplitude in some objects are due to periodic modulation of the background emission, which is amplified by the masering gas. Cyclic changes in the seed photon flux could arise in a colliding-wind binary Data used to produce Fig 1 and 2 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ or an eclipsing binary van der Walt 2011; Maswanganye et al. 2016 ). An alternative explanation of the methanol periodicity is related to the pump rate, which depends on the flux of infrared emission (Cragg et al. 2002) . Araya et al. (2010) propose a scenario of periodic heating of the dust due to gas accretion from the circumbinary disc onto protostars or accretion discs. Periodic maser flares could trace the accretion behaviour of circular or eccentric binaries (Muñoz & Lai 2016) . The dust temperature can be regulated by rotating spiral shocks in the gap of a circumbinary accretion disc (Parfenov & Sobolev 2014) . Flaring of the methanol masers in some objects can be also due to star pulsation driven by the κ mechanism (Inayoshi et al. 2013) or accretion instabilities developed by interactions between the stellar magnetosphere and the accretion disc (D'Angelo & Spruit 2012) .
Observations of periodic methanol masers at other maser transitions of well-established pumping schemes can shed more light on the nature of the periodicity. We can expect a correlation of periodic flares for the two maser transitions which share the same pumping mechanisms and anti-correlation if they are different. For the latter case a correlation should occur if the bursts are due to variations of the background emission amplified by the masers. Araya et al. (2010) report correlated quasi-periodic vari-Article number, page 1 of 20 arXiv:2001.01625v1 [astro-ph.SR] 6 Jan 2020 ability between H 2 CO (4.8 GHz) and CH 3 OH (6.7 GHz) masers in G37.55+0.20. In this object the flares of the excited OH (6.035 GHz) masers were delayed relative to the H 2 CO flares, but may be simultaneous with the CH 3 OH peaks at corresponding radial velocities (Al-Marzouk et al. 2012) . Green et al. (2012) report that the variability of the 1665 MHz and 1667 MHz lines in G12.889+0.489 shows evidence of correlation with the 6.7 GHz line periodic variability. Furthermore, Goedhart et al. (2019) show that OH lines display concurrent flaring with 6.7 and 12 GHz methanol masers in G9.62+0.20E. These tentative findings support a common excitation process of the OH and CH 3 OH maser transitions. Recently, we found a remarkable pattern of anti-correlated alternating flares of the water (22 GHz) and methanol (6.7 GHz) maser transitions in the intermediatemass young stellar object (IMYSO) G107.298+5.639 . These variations can be due to periodic changes in the infrared radiation field from the central protostar.
In this paper we report on our time-series observations of G107.298+5.639 (G107 hereafter) of maser transitions of three species to confirm the anti-correlated bursts of the methanol and water maser lines and to examine the behaviour of ground-state OH masers. The numerical models predict that the far-infrared pump together with the effects of line overlap provides the most convincing fit to the OH maser observational data (e.g. Cesaroni & Walmsley 1991; Gray et al. 1991; Cragg et al. 2002) . The OH and CH 3 OH masers are radiatively pumped (Cragg et al. 2002) and we report for the first time their correlated variability in this source.
Observations

Nançay and Torun radio telescopes
The Nançay telescope has a half-power beam-width (HPBW) of 3 .5, in the E-W direction and 19 in the N-S direction. The beam efficiency is 0.65, the point source efficiency at zero declination 1.4 K Jy −1 and the system temperature is about 35 K. All four transitions of the OH ground state were observed simultaneously in both senses of circular polarisation using a 8192 channel auto-correlator spectrometer configured into eight banks of 1024 channels. A bandwidth of 0.39 MHz was used for each bank, yielding a total useful velocity coverage of about ±30 km s −1 . The spectral bandwidth was centred at −15 km s −1 relative to the local standard of rest (LSR). The spectra were taken in the frequency switching mode. The flux density calibration was based on the flux monitoring of W12 and is deemed to be accurate within 10%. On four occasions around the anticipated maxima the 1665 and 1667 MHz lines were observed in full polarisation mode following the procedure described in Szymczak & Gérard (2009) . The four Stokes parameters were obtained with a typical r.m.s noise level of about 60 mJy in the I Stokes and the uncertainty of the polarisation measurements was less than 8%. The target was observed in the OH lines on average once a week and twice a month over 12 and 7 cycles, respectively.
The CH 3 OH and H 2 O maser lines were monitored with the Torun 32 m radio telescope in the frequency-switching mode. For methanol the system temperature ranged from 25 K to 30 K. The HPBW was 5 and the pointing accuracy was better than ∼25 before mid-2016 and ∼10 afterwards. The data were calibrated by regular scans on the continuum source 3C123 and daily observations of the methanol maser G32.744−0.076, in which some features are non-variable within 5% (Szymczak et al. 2014) . The typical r.m.s noise level in the final methanol spectra of 0.09 km s −1 resolution was about 0.3 Jy. The uncer-tainty of the flux density calibration was ∼10%. The 6.7 GHz emission was observed roughly every six hours and two to three days during the active and quiescent phases, respectively, over 39 cycles.
The 22 GHz observations were calibrated by the chopper wheel method and observations of the continuum source DR21, assuming a flux density of 18.8 Jy. The HPBW was 1 .7 and the system temperature ranged between 45 and 250 K depending on weather conditions and elevation. The typical r.m.s noise level was 15-20 mK. The observations were corrected for atmospheric absorption and gain elevation effect. Estimated accuracy of temperature scale was about 20%. The water line was observed every one to two days over 33 cycles.
Very Long Baseline Interferometry
The dates of Very Long Baseline Interferometry (VLBI) experiments were adjusted according to the ephemeris from the 32 m dish monitoring to get data just at flare peaks. The OH 1665 and 1667 MHz maser lines were observed at two epochs: in 2017 November (MJD 58063) with the EVN (project ES083) and in 2017 June (MJD 57929) with the VLBA (project BS254A) at phases 0.56 and 0.63, respectively. The methanol maser line at 6.7 MHz was observed with the EVN (projects ES076, ES079A, ES079B, ES079C) at four epochs over the period from 2015 March to 2016 October at phases 0.50±0.03 (Table 1) . The H 2 O line was observed with the VLBA in 2017 June (project BS254A) at phase 0.97, i.e. near the water flare peak. Table 1 presents an overview of all the observed maser transitions, including the arrays, dates, spectral resolutions, synthesised beam sizes, measured brightness of phase calibrator, and the r.m.s image noise. For all the experiments we used a phasereferencing observation scheme with J2223+6249 as a phase calibrator with a switching cycle of 195 s+105 s (maser + phase calibrator). 3C454.3 was used as a delay and bandpass calibrator. The typical total time on source was ∼5 hr. Data were correlated with 1 s integration time with the exception of experiment ES076, for which integration time was 0.25 s.
The data reduction followed standard procedures for calibration of spectral line observations using the AIPS package. For EVN the initial step of calibration was conducted on continuum pass and the solutions were applied to the spectral data sets, while VLBA calibrations were performed directly on spectral pass. The target was then self-calibrated on a channel representing the centre of the brightest spectral feature and the obtained phase and amplitude corrections were applied to the whole spectral data cube. For 1665 MHz transition the emission in the reference velocity component was faint and spatially resolved out in long baselines (>1000 km), so that the visibility calibration solutions were obtained from the data of the shorter baselines. Stations providing longer baselines or flagged owing to technical failures are denoted in italics in Table 1 . No emission at 1667 MHz was detected with both arrays.
Channel maps were searched for emission and the parameters of the detected maser emission were derived following the method presented in Bartkiewicz et al. (2016) and Olech et al. (2019) . Point-like emission in each spectral channel is defined as spot. The position, intensity, and flux of each spot have been derived by fitting a 2D elliptical Gaussian. A group of spots coinciding within less than half of the synthesised beam size and present in adjacent channels was termed cloudlet (e.g. Sanna et al. 2017) ; their position was calculated as weighted average position of spots weighted by their measured flux. Cloudlets often formed smooth Gaussian spectral profiles and their param-Article number, page 2 of 20 eters such as LSR peak velocity (V p ), full width at half maximum (FWHM), peak brightness (S p ), and fitted brightness (S f ) were derived (Sect. 3.5). The absolute positional accuracy of the maser spots estimated using formula described in Bartkiewicz et al. (2009) are 18, 3, and 3 mas at 1.6, 6.7, and 22 GHz, respectively.
To measure the proper motion of the methanol masers we used following procedure: The data at all epochs were phase referenced and calibrated using AIPS package in an identical way. We used the first epoch as a reference to find the persistent maser cloudlets at the other epochs. Any systematic difference in the cloudlet position between the observations due to residual phase referencing errors, annual parallax, and source motion were removed by calculating the mean positions of cloudlet distributions, i.e. the barycentres of the masers. If after those correction any cloudlet drastically changed its position at any epoch, it was deemed as not persistent and removed from analysis. Finally the proper motion estimation of individual cloudlets was performed with linear fit of right ascension (RA) and DEC displacement over all epochs.
Results
Maser light curves
The integrated flux density time series for the four maser transitions presented in Fig. 1 show clear periodic variations. The amplitude of individual features and shape of spectra displayed significant variability from cycle to cycle. These complex variations are best seen in the plots of the flux density as a function of time and velocity (Figs. A.1 and A.2).
Following the approach used in Olech et al. (2019) we calculated the period and analysed the flare profiles for all the transitions. An asymmetric power function of the form S (t) = A s(t) +C was fitted to the data. In this equation, A and C are constants and s(t) = [bcos(ωt + φ)/(1 − f )sin(ωt + φ))] + a, b is the amplitude relative to mean value a, ω = 2π/P, where P is the period, φ is the phase, and f is the asymmetry parameter (Szymczak et al. 2011) . The resulting fits were used to assess the time of flare peak, the timescale of variability equals to the FWHM of the flare, the relative amplitude (R), and the ratio of the rise time to the decay time (R rd ). Table 2 summarises their average values for all the spectral features. The active phase is the shortest for the 6.7 GHz line; the average FWHM is only 4.30 d and the flare profile is fairly symmetric with a mean R rd =0.92. The flare profile at 22 GHz has an average FWHM of 16.34 d and the rise time is longer than the decay time (R rd =1.21). Both OH transitions have similar FWHM of ∼10 d but the 1665 MHz line has a steeper flare profile (R rd =0.61) than the 1667 MHz line (R rd =0.93).
The time series of the velocity-integrated flux densities were normalised and phase-folded to show differences in the flare profiles and overall time delays between the peaks of observed transitions (Fig. 2) . The anti-correlated behaviour of the water vapour and methanol masers is clearly visible; the minimum of water flux density coincides exactly with the maximum of methanol emission. Since the essential mechanisms of pumping H 2 O and CH 3 OH population inversions are collisional and radiative, respectively (Elitzur et al. 1989; Cragg et al. 2002) , the observed anti-correlation rules out the hypothesis that the maser flares in the target are related to variations of seed photon flux caused by periodic changes in the free-free background emission in a system of colliding-wind binary. The methanol and OH 1665 MHz light curves are quite a bit different, as the asymmetric model fits in Fig. 2 suggest; the R rd ratio is smaller at 1665 MHz, where the peak is flat-topped followed by a slow decay as often seen in OH masers associated with the Mira variables (e.g. Etoka et al. 2017) . The phased light curve of the 1667 MHz emission is less reliable owing to a large scatter of the data points and indicates no time lag relative to the methanol flare.
Periodicity estimates
A Lomb-Scargle (L-S) periodogram as implemented in the VARTOOLS package (Hartman & Bakos 2016 ) was used to search for any periodicity in the time series of the velocityintegrated flux densities in each of the four transitions shown in Fig. 1 . We followed the procedure described in detail by Olech et al. (2019) . The L-S periodograms are shown in Fig. 3 . The periods with the highest power for the water and hydroxyl 1665 and 1667 MHz masers are 34.35±0.51, 34.36±0.48 and 34.35±0.49 d, respectively. These values are the same, within the error range, as for the methanol maser of 34.41±0.72 d. The periodogram of the methanol time series clearly shows second and third harmonic signals of the derived period at 17.2 and 11.5 d and the same responses are present for the 1665 MHz signal as well. The peak corresponding to the methanol periodicity clearly splits as a consequence of slight variations in the flare profile parameters from cycle to cycle and varied contribution of individual features to the velocity-integrated flux density as Table 2 depicts.
Time delay
We calculated the discrete correlation function (DCF; Edelson & Krolik 1988) to determine time delays between the flare peaks of persistent spectral features. The −7.43 km s −1 feature of the 6.7 GHz spectrum was chosen as a reference time series for each feature. The time delay was estimated by fitting a quadratic function to the DCF maximum as demonstrated in Olech et al. (2019) . The results are presented in the last column of Table 2 for the methanol and hydroxyl transitions. Thanks to high cadence observations and the relatively narrow profile of the methanol flare the estimated delays have an uncertainty of a fraction of a day. The time delays of the methanol features range from −2.1 to +3.7 d, which well fit the line-of-sight effect for a typical size of maser source of about 1000 au (Bartkiewicz et al. 2009 ). Time delays between the water maser features are less than 0.5 d and suffer large uncertainties resulting from the strong blending effect of spectral components and widespread drifts in velocity. The 1665 MHz emission ranges from −12.5 km s −1 to −7.4 km s −1 with a peak flux density of 2.1 Jy at −12.2 km s −1 on MJD 57821, i.e. very close to the methanol maser maximum (Fig. A.3 ). Left-hand circular (LHC) polarisation emission dominates and the degree of circular polarisation ranges from 55% to 95%. The main feature at −12.2 km s −1 is also linearly polarised up to 18% and the polarisation angle is −75±10 • . For all OH polarisation observations carried out very near to the methanol peaks at four consecutive cycles (from MJD 57787 to 57891) the polarisation angle remains constant within errors. The emission of the main 1665 MHz feature was seen over the entire cycle of Article number, page 3 of 20 A&A proofs: manuscript no. pap_g107_corr3 (Table 1) . variability (Fig. A.2) . The 1667 MHz spectrum is composed of two weak ( < ∼ 0.5 Jy) features near −14 and −9.5 km s −1 . Only the right-hand circular (RHC) polarisation emission is detected. The 1667 MHz flux density is above our detection limit of 240mJy only during the methanol flares.
Polarised OH emission
In general, the OH maser emission does not coincide in velocity with the methanol and water masers with the exception of a faint OH 1665 MHz feature near −7.4 km s −1 , which appears at the same velocity as the strongest methanol feature. The velocity-integrated flux density of the 1665 MHz emission is a factor of 3 higher than that at 1667 MHz. Figure 4 shows the positions and radial velocities of the 22 GHz water, the 6.7 GHz methanol, and the 1665 MHz hydroxyl masers observed very close to the maser peaks but at different cycles spanning less than 1.1 yr. Table A .1 presents the measured and derived maser properties: relative position, peak velocity, velocity FWHM of the cloudlet, brightness of the strongest spot of each cloudlet, and fitted peak brightness of each cloudlet.
Maser spatial distribution
During the fourth epoch (MJD 57681) the methanol emission emerged from two groups of cloudlets ∼400 mas apart along the NW−SE direction with position angle of −43 • and a lonely cloudlet located in the SW part of the structure (Fig. 4 ). There is a clear segregation in radial velocity of the NW (−17.1 to Article number, page 4 of 20 Table 2 . Characteristics of the maser flares of persistent features inferred from the long-term monitoring. The quantity V is the peak velocity of the feature. Average values with their standard errors are given for the flux density (S ), relative amplitude (R), timescale of flare (FWHM), ratio of the rise time to the decay time (R rd ), and time delay (τ). Delays for the methanol and water maser lines were calculated relative to the features −7.43 and −16.40 km s −1 , respectively. −15.0 km s −1 ) and SE (−9.3 to −7.1 km s −1 ) groups of methanol masers that agrees well with the velocities of blue-and redshifted lobes of outflows observed in the CO lines (Palau et al. 2011) . The water maser emission was detected in two clusters placed within ∼200 mas of each other just between the two main groups of methanol masers (Fig. 4) . These water maser clusters differ in radial velocity in a similar way to those of methanol masers. It is interesting that the relative positions and radial velocities of these water maser clusters are similar to those seen ten years ago (Hirota et al. 2008 ). However, the morphology of the western cluster does not resemble that observed by Hirota et al. (2008) Composite map of three maser transitions in G107. The OH 1665 MHz (triangles), CH 3 OH 6.7 GHz (circles), and H 2 O 22 GHz (squares) cloudlets are shown; the observations were carried out on MJD 58063, 57681 and 57929, respectively. The symbol size is proportional to the logarithm of maser brightness of the cloudlets and its colour denotes the velocity according to the colour bar. The systematic errors in the relative position between different transitions are estimated to be less than 18 mas. The grey star symbol with the marked positional uncertainty represents the position of the 1.3 mm continuum peak at RA(J2000)=22 h 21 m 26 s .7730 and DEC(J2000)=63 • 51 37 . 657 (Palau et al. 2013 ) likely indicating the location of IMYSO. The blue and red dashed lines denote the directions of two large-scale molecular outflows (Palau et al. 2011) . The horizontal bar indicates the linear scale for the assumed distance of 0.76 kpc (Hirota et al. 2008). detected in the range from −3.6 km s −1 to −3.1 km s −1 and from −14.3 km s −1 to −9.7 km s −1 reported in Hirota et al. (2008) .
The OH masers were successfully mapped only at 1665 MHz. Three blue-shifted and one red-shifted cloudlet are detected at the north and south parts of the structure, respectively (Fig. 4) . Their distribution seen with different interferometers remains stable at two epochs spanning 4.4 months. We note that the OH emission is completely resolved out at long baselines (>1000 km) and the positions of cloudlets in Fig. 4 denote the centroids of more extended structures of low brightness.
The overall structure of the red-shifted (> −11.3 km s −1 ) methanol maser remained the same at all four epochs. During the second epoch (MJD 57444) the blue-shifted emission had an entirely different structure than at the other three epochs (Fig. A.4) ; the emission from the NW location did not appear at all, but four new cloudlets at slightly different velocities emerged in the north about 500−600 mas from the brightest red-shifted cloudlet near −7.4 km s −1 . The ratio of the peak flares measured by the velocity-integrated flux density at the second and fourth epochs of VLBI observations was as 7:11. This ratio for the first and fourth VLBI epochs was 8:11, while the overall structure remained unchanged. All four VLBI observations were taken less than 0.09 of phase around the flare maxima. This corresponds to 3 d and is a significant fraction (∼30%) of FWHM of feature flare. Thus the observed methanol morphology is highly dependent on the phase of the flare and the specific variability of the features for a given cycle as shown in Fig. A.5 .
Proper motion
In order to establish the correspondence of 6.7 GHz maser cloudlets over the epochs, first we employed the two criteria proposed by Sanna et al. (2010) : (i) persistence of the relative distribution of a group of cloudlets and (ii) assumption of uniform motions. The second epoch data are excluded from this study since they did not meet the first criterion; the NW group of cloudlets was not seen while a new emission appeared about 600 mas north of the persistent south structure. Thus for the purpose of proper motion measurements we used only the data from the rest three epochs. Following the procedure described in Sect. 2.2, we identified eight persistent cloudlets.
Linear fits of displacements of the cloudlets over the epochs are shown in Fig. A.6 and the values of internal proper motions with fitting errors are listed in Table A .2.
The measured internal proper motions are shown in Fig. 5 . The amplitude of proper motions ranges from 2.64±0.79 km s −1 for cloudlet 7 to 13.41±1.43 km s −1 for cloudlet 8. Both are blueshifted and lying at the NW. On average the cloudlets have a velocity of 5.45±3.21 km s −1 . Most of the persistent cloudlets show motions nearly perpendicular to the plane of the edge-on disc-like structure, which best fits the 3D maser distribution and the time delays in the light curves of maser features as shown in Fig. 7 . This possibly indicates that the methanol masers mainly trace the gas from a disc wind. However, the proper motions of the maser cloudlets in the SE part of the structure nearly align with the direction of the maser distribution (Fig. 4) , indicating a flow along the structure, and may suggest a jet/outflow from the Table A .2 and their colours and apertures correspond to the radial velocity (colour bar) and uncertainty, respectively. The velocity scale is shown at the top right corner. The dashed ellipse displays the model of ring derived from the 3D structure analysis shown in Fig. 7 , where the yellow star shows the position of fitted centre of the ring. The grey star denotes the position of the 1.3 mm continuum peak (Palau et al. 2011). powering star. Somewhat random proper motions in this site may result from the method of proper motion studies we applied. We calculated the proper motions with respect to the barycentre of methanol distribution rather than the exciting star. We postpone a detailed analysis of plausible causes of the observed proper motions because the maser exhibits not only significant variations in the amplitude of flare and its profile, as the single dish monitoring proved, but also dramatic changes in the morphology at four cycles spanned only 1.6 yr. We note that only about one-fourth of cloudlets was identified as persistent. It is also possible that variations in the relative intensity of nearby maser spots with similar radial velocities at the observed epochs mimic proper motion (Sugiyama et al. 2016 ). Further VLBI observations at high cadence could help interpret the proper motions in the target.
Discussion
Correlated variability of OH and CH 3 OH masers
Our observations definitively demonstrate that the intensity of the OH 1665 and 1667 MHz masers tightly follows that of the CH 3 OH masers (Fig. 1) with a < ∼ 0.1P phase lag at 1665 MHz (Fig. 2) . For the time intervals of simultaneous observations of both species the integrated flux densities of the 1665/1667 MHz and 6.7 GHz lines are well correlated (Fig. 6 ). This suggests similar excitation mechanisms for both molecules and that the masers come from the same gas volume. Fig. 4 demonstrates that the OH maser cloudlet near −7.4 km s −1 lies less than 56 mas (43 au) from the CH 3 OH cloudlet near −9.1 km s −1 (Table A .1). The OH cloudlet near −10.3 km s −1 coincides within 57 mas (44 au) with the methanol cloudlet at −16.5 km s −1 . In turn, the strongest and blue-shifted OH cloudlets at about −12.2 km s −1 located ∼250 mas north of the region of persistent methanol masers (Fig. 4 ) coincide within <120 mas (100 au) with an area at which the methanol maser emission of velocity between -15.6 and -13.7 km s −1 appeared during the second epoch (MJD 57444) of VLBI observations (Fig. A.4 ). Since the flux densities of both masers are strongly affected by spatial filtering by the VLBI, as Fig. A.4 depicts the above discussed spatial differences could be much smaller for low brightness extended emission. Thus, the hydroxyl and methanol masers originate in basically the same gas volume at a distance of 200−420 au from the central protostar. We note that the projected size of ∼450 au of the methanol maser region during the three epochs is close to the lower limit of the disc sizes observed in intermediate-mass embedded protostars (Beltrán & de Wit 2016) . In such environments the hydroxyl and methanol masers may probe gas of different kinematic properties excited by the common central object. Previous surveys revealed that the majority (70−80%) of the 1.6 GHz hydroxyl masers around HMYSOs have associated 6.7 GHz methanol maser emission (Caswell 1998; Szymczak & Gérard 2004 ) with many sites exhibiting a close spatial coincidence.
The mechanisms of OH pumping were widely discussed (e.g. Guilloteau et al. 1981; Dewangan et al. 1987; Kylafis & Norman 1990; Cesaroni & Walmsley 1991; Cragg et al. 2002) and there is now a consensus that far-infrared dust emission and line overlap are essential to a feasible pumping scheme, which accounts for the observed OH maser sources. In G107 we note the dominance of 1665 MHz line over 1667 MHz by a factor of three, which is typical for HMYSOs (Caswell & Haynes 1987) and implies the effect of line overlap (Cragg et al. 2002) . The VLBI observations revealed that the ratio of brightness temperatures for the CH 3 OH 6.7 GHz and OH 1665 MHz is 43 and 5.1 for the red-and blue-shifted cloudlets, respectively, implying a kinematic temperature of 110−120 K and dust temperature >250 K according to the model by Cragg et al. (2002) (their Figs. 5 and 6) with fixed values of the hydrogen density of 10 7 cm −3 and OH column density of 10 17 cm −2 . Model calculations demonstrated that 6.7 GHz methanol masers share a broad range of physical parameters with 1.6 GHz hydroxyl masers (Cragg et al. 2002) and the coincidence of these transitions in G107 supports common excitation processes which produce the population inversions simultaneously in both molecules and result in synchronised variability of maser flux densities.
Anti-correlated variability of CH 3 OH and H 2 O masers
The present study reinforces our previous finding of alternating variations of the methanol and water masers in the source . The methanol maser flare exactly coincides with the water maser minimum for all 33 cycles monitored over ∼3.5 yr (Figs. 1, 2) . Furthermore, the water maser emission that appeared outside the methanol velocity range, i.e. from −23 to −17 km s −1 and greater than −5 km s −1 , also shows periodic variability. All the water maser cloudlets lie well within the methanol bounded region of projected size less than 200 au (Fig. 4) . Thus, it is likely that the methanol and water masers operate in regions of similar physical parameters, where a factor causing periodic changes is efficient.
The excitation mechanisms of the 6.7 GHz and 22 GHz masers are understood in general terms; the methanol line is likely inverted by infrared photons (e.g. Sobolev et al. 1997; Cragg et al. 2002) while the water line is predominantly collisionally pumped (e.g. Elitzur et al. 1989; Gray et al. 2016 ). Theoretical models generally indicate that the gas density and kinetic temperature favouring both maser transitions do not overlap (Cragg et al. 2002; Gray et al. 2016) . However, modelling of the 22 GHz maser excitation with up-to-date molecular data (Nesterenok 2013) supports the view that the inversion is most efficient when the dust temperature is much lower than the gas temperature and an increase of the infrared emission reduces the maser gain (Yates et al. 1997) .
The methanol flare profile in G107 is tightly related to the infrared intensity variations (Sect. 4.4) supporting the radiative pumping models (Cragg et al. 2002) . In response to a luminosity burst, traced by the methanol maser, the dust temperature reaches a maximum just at the methanol maser peak. This event reduces the ratio of the dust to kinetic temperature causing a decrease in the water maser intensity. As the heating and cooling times of dust grain are much shorter than those of gas (e.g. Johnstone et al. 2013 ) then we can expect the decaying branch of the H 2 O light curve to be much steeper than the rising branch. This is exactly what we observed for the velocity-integrated emission (Fig. 2) and R rd ratio of the maser features (Table 2) .
Three-dimensional model from VLBI maps and time delays
In order to find the 3D methanol maser structure we applied the same procedure as in Olech et al. (2019) . The fourth epoch of VLBI data was used as the reference of the typical emission structure. The blue-shifted methanol emission seen only at the second VLBI epoch (Fig. A.4 ) and the OH emission mapped with VLBA were added to include all the methanol and hydroxyl features with measured time delays (Table 2) . We assume that the periodic variations of the masers are caused by changes in the stellar and accretion luminosity of the central object which affect the infrared pump rate, while the time delays are due to differences in the photon paths between the cloudlets seen by the distant observer. We note that each feature in the spectrum was a superposition of the emission from spatially separated groups of cloudlets. Both the position of the central object and the line-of- sight distances between the cloudlets were fitted to the observed time delays. The recovered structure is presented in Fig 7. All persistent methanol features, with the exception of the −11.03 km s −1 feature, lie in a plane inclined by 86±16 • to the plane of the Article number, page 8 of 20 sky that is equidistant from the fitted position of powering object. The groups of cloudlets form a ring-line structure of radius 242±5.8 au and an average thickness of 30.1±37.4au. This clearly indicates that the 6.7 GHz maser emission comes from a disc seen almost edge-on. The −11.03 km s −1 methanol emission lies at a distance of 360 au from the protostar and above the fitted plane of the disc. The blue-shifted cloudlets detected at the second epoch of VLBI observations are 500−560 au from the central protostar. The erratic appearance of these cloudlets in VLBI observations and low relative amplitudes of variability seen in the single-dish monitoring are possibly related to a relatively low luminosity of the central object. We can expect that flares of the central star at only some cycles could be strong enough to heat up the dust in those distant regions of the circumstellar envelope. In this model the red-shifted OH emission (−7.4 km s −1 ) lies close to the methanol red-shifted cloudlets, while that at blue-shifted velocities coexists with the erratic (seen during the second VLBI observation) methanol cloudlets at about 450 au from the central star. We conclude that assuming radiative pumping of the CH 3 OH and OH masers, the structure of maser emissions and time delays of the flares of individual features observed in G107 can be satisfactorily explained by the disc model.
Relationship between the methanol maser and IR variability
To explore the relationship between the maser flares and infrared emission in G107 we extracted the 3.4 µm (W1) and 4.6 µm (W2) time series from NEOWISE photometry. Details about the instrument and observations are given in Mainzer et al. (2011 Mainzer et al. ( , 2014 ) and a guide for users of the NEOWISE data is presented by Cutri et al. (2015) . The NEOWISE-R Single Exposure Source Table 1 was queried using a 5 search radius and the data covering the maser monitoring period were found for eight observation cycles 1.3-2.0 d in length (hereafter called epochs). During each epoch, some 20-30 points were available with intervals of 0.066 to 0.262 d. The data with the frame quality score qual − frame= 0 were rejected and 211 exposures of high quality (ph − qual = "A") were used. Their median signal-to-noise ratios at bands W1 and W2 are 47.6 and 83.4, respectively. The magnitudes of individual measurements were converted to fluxes following the WISE Explanatory Supplement 2 . Fig. 8a shows the time series of the 6.7 GHz integrated flux density and 3.4 and 4.6µm flux densities. It is clear that the NE-OWISE observations at the second (E2, ∼MJD 57222), third (E3, ∼MJD 57395), seventh (E7, ∼MJD 58116), and eighth (E8, ∼MJD 58317) epochs were taken during a quiescent state, when the maser flux density was below our detection limit. For the remaining four epochs the IR observations were contemporaneous with active phases of the maser. We note that the amplitude of the maser flares closest to the epochs of NEOWISE observations ranged from 10 to 40 Jy km s −1 , while over the whole monitoring period (Fig. 1) it varied from 3 to 150 Jy km s −1 . This may suggest that a long-term variability does not strongly affect the maser−infrared relationship at these eight epochs.
The phased infrared light curves are shown in Figs. 8 b and c. There is a general agreement between the flare profiles at the infrared and maser wavelengths with the exception of a bump in the IR light curves at phase ∼0.63. The NEOWISE data at this phase come from epochs E1 and E4 (Fig. 1a) , when the maser peaks during the preceding activity cycles differed by a factor 1 Available at irsa.ipac.caltech.edu 2 wise2.ipac.caltech.edu/docs/release/neowise/expsup/ of 2.9. The ratio of average flux densities at E4 and E1 epochs is 1.21 for both IR bands. If we assume that this change in the IR fluxes makes a difference in the maser optical depth ∆τ=1.21 then for unsaturated maser regime we obtain e (∆τ) =3.3, which is surprisingly consistent with the observed ratio of the maser peak flux densities of 2.9. This appears consistent with a scenario of pumping by infrared emission from dust surrounding the central star (Sobolev et al. 1997; Cragg et al. 2002) . Stecklum et al. (2018) have established the light curve of G107 from ALL-WISE and NEOWISE data folded by a 34.6 d maser period. The saw tooth shape of their curve differs from that presented here, since they did not have precise information about the phase of the maser flares. Fig. 9 confirms the strong correlation between the 6.7 GHz line and IR flux densities and supports a radiative pumping of this unsaturated maser emission. Our results could be further refined using high cadence data at longer IR wavelengths to investigate in more details the pumping mechanisms.
Summary and conclusions
The IMYSO G107 was observed at high angular resolution and monitored over the period 2015-2018 in the four maser transitions: 22.2 GHz H 2 O, 6.7 GHz CH 3 OH, 1665 and 1667 MHz OH. The main findings and conclusions are summarised as follows:
1. The periodic variations of the OH and CH 3 OH masers are simultaneous to within less that 3 d, whereas those of the H 2 O maser are delayed exactly by half of the period of 34.4 d, i.e. the water maser emission is significantly dimmed or even disappears at regular intervals just when the OH and CH 3 OH masers peak. 2. We found a strong correlation between the 6.7 GHz integrated flux density and 3.4 and 4.5 µm flux densities observed with the NEOWISE at eight epochs. This strongly supports theoretical models of radiative pumping of this maser transition. 3. VLBI observations confirmed the elongated distribution of the methanol emission with a clear velocity gradient. The 3D structure recovered from these data and time delay measurements of persistent features implies a ring-like structure of radius 240 au and thickness 30 au, while erratic methanol emission seen at one epoch is located 500 au from the exciting star. Thus the observations are well explained with a disc model in which both OH and CH 3 OH masers are radiatively pumped. 4. Measurements of internal proper motions of the methanol maser cloudlets indicate velocity vectors mostly orientated perpendicularly to the main axis of structure suggesting the presence of a disc wind.
Overall, the study provides strong support for models of radiative pumping of the OH and CH 3 OH molecules in a working region between the disc and outflow. Future VLBI imaging will help constrain the kinematics of cloudlets of all the maser transitions and quasi-simultaneous observations in other radio and infrared bands, and allow us to better understand the complicated structure seen in the thermal lines (e.g. Palau et al. 2013) .
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